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ABSTRACT 
There are many methods used to determine the focal 
length of a lens. This experimental method is based solely on 
the simplicity of the procedure. 
.iNTRODUCTION 
The purpose of this paper 1s to explore the possibility 
of determining the focal length of a lens by using a 2X 
magnification method. 
Why should anyone investigate this method? It is 
because of the simplicity of the method. If it works, one 
could take a lens and find the power with a ruler and a sheet 
of paper. There exist many other methods that can be used to 
determine the focal length. The following methods have been 
described by Fincham as the most common. 
With the method called neutralization a series of 
known lenses are placed, one at a time, in contact with an 
unknown lens. The combination of the lenses is "shaken" until 
lateral movement produces no apparent movement of the 
object as viewed through the lens combination. When this 
occurs, the known lens is equal and opposite to the unknown 
lens. 
A telescope can be used to determine the focal length of 
a lens. The telescope is first focused for a distant object, 
and then is focused for parallel light. The unknown lens is 
moved some distance from an object on the optical bench until 
the image of the object comes into focus through the 
telescope. At this point, the unknown lens is positioned at 
1ts focal length from the object, and produces parallel light 
that is focused by the telescope. 
Another method involves autocollimation. Light from an 
object passes through the lens, is reflected off a plane 
mirror, and returned to a screen adjacent to the object. 
When this image is sharply in focus~ the lens is at a 
distance from the object equal to its focal length. 
Still another method requires use of the thin lens 
equation: 
i/s + 1/f = 1/s' 
By measuring the object and image distance these values can 
be inserted into the preceding equation and the focal length 
can be determined. 
Abbe ' s method is a s1milar method in that it uses 
magnification to determine focal length. The object and 
image sizes are measured to determine the magnification. 
Then the object and image screen are moved and the object and 
image sizes are measured again to determine the new 
magnification. The focal length can be calculated from the 
following equation: 
f = u(Ml M2) I M1 -M2 
Focal lengths of diverging lenses are not as easily 
found. After forming an image with a converging lens, the 
unknown diverging lens is inserted and a new image is formed. 
The original screen position becomes the object distance and 
the new screen position becomes the image distance. A 
variation to determine the focal length of a diverging lens 
would involve replacing the screen with a telescope. 
The purpose of the present experiment is to investigate 
a method which assumes that when a magnification of 2X is 
present the following equation will be valid: f = 2s . This 
is accomplished by drawing a series of parallel equidistant 
lines on a sheet of paper (see figure 1) and then using a 
lens to create a magnification or minification of two. This 
magnification is established when the series of lines inside 
the lens are twice as far apart as those outside of the lens, 
or vice versa in the case of a diverging lens. Then the 
distance "s" from the object to the lens is measured. This 
method has been described first by H. Funk and H. Steps. 
Experimental Method 
The experiment and the data gathered were measured on an 
optical bench (see fig. 2). A telescope focused for infinity 
was incorporated to ensure that parallel light reached the 
observer's eyes, however the optical bench limited the 
distance to one meter. The telescope was added to the 
experiment to reduce the accommodative reaction of the eye. 
This ensured that the magnified image and the target could be 
observed easily at the same time. 
The target cons1sted of a series of ten equidistant 
parallel lines drawn on a sheet of paper X 3H 1n s1ze. 
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The separation between these lines was 5mm each. The target 
was then mounted on a light source which illuminated the 
target for easier observation. 
The experiment was performed with the lens being moved 
either towards or away from the observer until the correct 
magnification or minification was achieved. At th1s point, 
the distance between the unknown lens and the target was 
measured. This measured value was incorporated into the 
following equations: 
2s=f~ 
1if= dioptric power 
to determine the accuracy of the measured power compared to 
the actual dioptric power. Ten different lenses were used in 
our experiment, five converging lenses and five diverging 
lenses with various dioptric powers (+4,+6,+8,+10,+12,-4,-6,-
8,-10,-i2). As a control factor a choice was made to use only 
those lenses in the middle dioptric power ranges. The higher 
and the lower dioptric power lenses were excluded because of 
observational difficulties which will be discussed later. 
Four measurements were performed with each lens with 2 
different observers (2 measurements per observer for each 
lens;. A total of 40 trial measurements were taken~ 20 far 
each observer (see table 1). An average of the four 
measurements was calculated to determine the measured 
dioptric value of each lens. 
Assume that the eye is a p1nhole camera. An apet-ture 
labeled A is placed in a plane some distance from the eye. 
The object labeled P which consists of equidistant lines is 
placed at distance "s" to the left of the aperture. Also 
assume that a virtual image exists at plane p • at a distance 
of "f". A given number of lines can be observed through 
aperture A. If A is replaced by a lens and the virtual image 
plane is equal to the focal length, then light emerging from 
the virtual plane will be parallel to the right of the lens. 
One half of the lines will be visible, but they will take up 
the same amount of field. When this happens the virtual 
plane is equal to the focal length of the lens and the object 
plane is at a distance of one half of the focal length. Thus 
f = 2s (see figure 3). 
RESULTS 
The data of OLtr experiment at-e shown in Table 1. 
LENS TRIAL AVG. AVG. DIOP. 
POWER #1 #2 #""' ~· #4 u 8 .. POWER DIFF. 
+4 14.6 13.9 16.9 i3.9 14.8 3.38 .. 62 
+6 10.(> 9.1 8.8 9.6 9.4 C' 7""?" "'-'• .._"t..._) 6? 
+8 6.8 6.5 6.4 7.0 6.8 7.49 .50 
+10 5.1 5.5 5.4 5. () r: -:r 9.52 • 50 ...J.J 
+12 4. 1 4. 1 4.6 4 ·~ 4.3 11.76 .25 
-4 29.0 21 ~ 3 25.8 27.7 25.9 3.85 .12 
-6 15.9 1 7 .0 16. ::s 14.4 15.9 6 .-.. -. • .£..,7 .25 
-8 1 1.3 1 1 4 10.3 1 i 9 11 -""? 8. 9 1 .00 . . ..... 
-10 8.4 9.0 8. "7 0 -='" 8.8 11.3 1 6? ;' ' -...;) 
-12 7 .6 ., .8 7.3 7 .0 7.4 13.5 1 • 5() i ,( 
All values are in centimeters. 
The average "s" values for the di··J'erging lenses were not 
doubled before calculating the dioptric power. 
The most evident fact among the data is that equation 
2s = f works only for converging lenses. In contrast the 
preceding equation does not work for diverging lenses, 
instead the object distance "s" was equal to iii ,r u T • 
As shown in table 1~ the dioptric power of converging 
lenses was consistently measured too low. The difference 
between the actual and measured values was as high as .620 
(for the +4 and +6D lenses}. As the power of the converging 
test lenses increased, the focal results became more 
accurate. 
in contrast the measurements for the diverging lenses 
were consistently too high, with the exception of the -4D 
lens. The measured value for the -4D lens was -3.85D which 
was less than the actual value. The data in Table 1 
indicate an accuracy of .i2D for the -4D lens to 1.62D for 
the -10D ' .Lens. Increasing the power of the diverging test 
lenses proved to reduce the accuracy. 
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DISCUSSION 
The focal length can indeed be quickly determined by 
using this method. For converging lenses the data 
substantiate the accuracy of the method and the formula. For 
diverging lenses, the formula 2s = f did not work. However 
when the formula s = f was employed, the results were similar 
to the actual values. 
Of course there are certain variables that may have 
influenced the results. For example holding the lens by hand 
was inconven1ent. Using a telescope and an optical bench is 
usually better. This also helped in controlling 
accommodation for the observers. We also found that both 
lower and higher dioptric power lenses gave less accurate 
results. The lower power lenses were difficult to measure 
due to the longer focal lengths which increases the distance 
between the target and the image. The higher power lenses 
gave too much distortion. Only lenses in the middle ranges 
gave some degree of accuracy. So it was decided that these 
factors best suited our objective. In addition, the 
subjective determination of endpoints posed another problem. 
Because 2 different observers were used in this experiment, 
determining the point of 2X magnification was highly 
subjective. And finally there was a high degree of difficulty 
for the observers in aligning the test lines inside the lens 
with those outside; this again was highly subjective and may 
have contributed to inaccurate measurements. 
This method, as compared to other methods, may indeed be 
the easiest and quickest way to determine the power of an 
unknown lens. However, there are many factors that influence 
the accuracy of the data. Our results can be substantiated as 
close enough to actual power to be considered a success. 
SUMMARY 
The focal length of a lens can be quickly and easily 
determined by using a 2X magnification method. As simply as 
using a piece of paper with equidistant lines drawn on it and 
a ruler~ the power of an unknown lens can be determined. The 
results show that there is a close correlation between 
measured power and actual power. In contrast there are 
possible reasons for inaccuracies: 
1. Variations of the line spacing. 
2. Moving the lens by hand 
3. Thickness of the lines 
4. Length of telescope 
5. Parallax 
6. Accommodation 
7. The subjective determination of endpoints 
8. And finally, the difficulty of aligning the test 
lines inside the lens with those outside. 
In conclusion, this initial investigation yielded 
results that are significant and certainly merit further 
experimental studies. 
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